[P late 1] T he ab so rp tio n spectru m o f acetald eh y d e has been p h o to g ra p h e d in th e v acu u m u ltr a violet. T hree R y d b erg series w ere found, all leading to th e sam e lim it. F o r th e first o f these no less th a n sixteen m em bers were observed, enab lin g th e io n izatio n p o te n tia l to be given as 10*1811 ±0*0007 V. T his is th e m o st ex ten siv e R y d b e rg series so fa r fo u n d in p o ly ato m ic molecules. T he excited electro n is one of th e n o n -bonding 2p y o xygen electrons. T he n a tu re of th e electronic tra n sitio n s responsible for th e v ario u s regions o f th e sp e c tru m is discussed.
T h e ab so rp tio n sp ectru m of acetald eh y d e in th e vacuum u ltra-v io let
The far ultra-violet spectrum of acetaldehyde has been photographed with a normal incidence spectrograph designed by Dr W. C. Price. The grating was of glass, 15,000 lines to the inch, ruled by Professor R. W. Wood. I t had a radius of curvature of 1 m. The aldehyde vapour was admitted directly to the body of the spectrograph, so th at the total absorbing path length was 2 m. The dispersion was linear and about 16*8 A/mm. The light background was a Lyman continuum obtained by the use of a modified form of the discharge tube described by Collins & Price (1934) . The plates were of Ilford Q emulsion coated on microscope cover-glass slides which could easily be bent along the Rowland circle. The spectrum starts very abruptly at about 1820 A and, even at high pressures, spreads very little to long wave-lengths. It may conveniently be divided into two regions: the 1820-1650 A region and the region below 1650 A.
The first of these consists of three main pairs of bands all degraded towards short wave-lengths. The separations of the first members of the three pairs are about 1200 cm.-1, though they are not quite equal {X A2 = 1178 cm.-1, 2d 3 = 1221 cm.-1). The nature of the frequency involved is discussed below. Of the subsidiary frequencies in the 1820-1650 A region, one ~750 cm.-1 and another ~350 cm.-1 are the most prominent: the latter may correspond to the 370 cm.-1 frequency found by Noyes, Duncan & Manning (1934) for the near ultra-violet system of acetone and inter preted by them as a deformation vibration of the CH3 groups about the C = 0 group. The whole vibrational structure of this region appears complicated and difficult to interpret. It is suggested below th at two electronic levels are probably involved, and this gives some explanation of the complicated structure. The appear ance of the analogous bands in acrolein and crotonaldehyde (Walsh 1945) supports this suggestion.
All the bands show fine structure on the violet side, consisting of a series of sharp Q subheads. A considerable number of these Q subheads were measured; within the limits of accuracy of the measurement, they appear to be equally spaced with a separation of about 32 cm.-1. In the formaldehyde spectrum (Price 19356), diffuse ness sets in at 1745 A. In acetaldehyde, the shortest wave-length strong band of the 1800 A system, falling a t 1730 A is still sharp, although the weak band following it a t 1720 A is diffuse.
As regards the spectrum from 1650 A to shorter wave-lengths, at 1650 A there occurs a diffuse doublet, the first member of which is the strongest band in the whole spectrum. In the region 1650-1500 A a number of bands occur which appear to be vibrational transitions. The separations of these seem to be as complicated as those of the 1800 A region, although differences ~ 1200 cm.-1 are noticeable. As with the 1800 A system, it is suggested below th at two electronic levels are concerned in the absorption and give rise to the observed complexities.
At shorter wave-lengths the bands begin to crowd together and to decrease in intensity, eventually fusing into a continuum around 1215 A. These are the cha racteristics of Rydberg bands. I t was found possible to fit the observed band frequencies into three series as follows:
The degree of accuracy with which equations (1), (2) and (3) represent the observed frequencies can be seen from tables 1, 2 and 3 respectively. All three series are very good, series (1) being exceptionally so. No less than sixteen members of this series were observed: no Rydberg series for polyatomic molecules has hitherto been reported containing more than twelve observed bands. Most of the bands can be clearly seen in the enlargement of the region of the limit, and the convergence to an ionization potential is quite obvious. The first five members of series (1) were doublets with a separation decreasing to zero in the sixth member. Similar doublets seem also to occur in the early members of series (2). Analogous phenomena occur in benzene and butadiene: in benzene (Price & Wood 1935) the multiplicity has been shown to be electronic in origin.
The second observed member of series (3) is markedly diffuse. The assignment of the first members of series (1) and (2) is dealt with below.
The three series converge to practically identical limits. In series (1) the extra polation to the limit is only over some 350 cm.-1; and the limit is probably accurate to ± 5 wave numbers. The ionization potential may therefore be given as 10-1811 + 0-0007 eV. This is the most accurate ionization potential so far found in polyatomic molecules. I t is to be compared with the value 10-3 V determined by electron impact (Sugden).
A. D. Walsh
In formaldehyde, Price (19356) observed two Rydberg series leading to the ionization potential 10-83 ± 0-01 V. Series (1) above is closely analogous to series (ii) of Price, corresponding members in acetaldehyde being about 5180 cm."1 to long wave-lengths relative to formaldehyde. Series (2) above probably corresponds to Price's series (i): but Price observed no analogy in formaldehyde to series (3) above. Mulliken (1935) has shown th a t the lowest ionization potential in these simple aldehydes corresponds to the removal of a non-bonding 2py electron from the oxygen atom. The fact th a t a non-bonding electron is here being excited is shown by the remarkable absence of vibrational frequencies in the spectrum. A part from the 1800 and 1660 A regions, there are no bands th a t can with certainty be identified as vibrational transitions. A similar paucity of vibrational structure has been noted by Price (19356) for formaldehyde and by Duncan (1935) for acetone. Below the ionization potential only diffuse absorption can be observed. Com parison with the spectra of methane (Duncan 1934) and ethane (Price 1935a) indicates th at this absorption-because of its location and diffuseness-is due to the electrons in the CH and CC bonds.
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D is c u s s io n Mulliken (1935) ^as discussed the electronic structures of aldehydes and ketones, while their long wave-length electronic transitions have been considered by McMurry & Mulliken (1940) and by McMurry (1941) . Using the molecular orbital notation, the relevant electronic structure of the C = 0 group in its normal state may be written
The two electrons in the zt molecular orbital form the first or <x C-0 bond and the two in the XX orbital form the second or n C-O bond. y\ represents a nonbonding lone pair of electrons on the oxygen ato m : it is to the removal of one of these electrons that the ionization potential found above corresponds. It is the y0 and n electrons th at are active in producing the longest wave-length absorption, since these electrons are less strongly bound than the other electrons in the group. The three lowest possible excited states of the C = 0 group may be represented:
A: ...{zt)*(XX)2Vo(XX)'
B :
V: ".(zt)2(xx)(xx)yi
The negative superscripts mean th at each state is antibonding. In a non-bonding oxygen electron has been excited to the antibonding orbital such an anti bonding energy level is always associated with a n bond. In V one of the n electrons has been excited to the same antibonding orbital: similar transitions are prominent in the spectra of ethylene and its derivatives. In a non-bonding oxygen electron has been excited to an antibonding orbital (zt) associated with the <r C-O bond.
The three possible longest wave-length transitions for any simple C~0 group are thus: N-+A, N ->B, Each transition produces weakened C = 0 bonding. is 'forbidden' by the electronic selection rules.
N -+ B and N -> V are allowed and sho much more intense. The N-» F transition should be the more intense Acetaldehyde, like all simple aldehydes and ketones (cf. Eastwood & Snow 1935), has a weak region of absorption around 2900 A (see e.g. Leighton & Blacet 1933) . I t seems certain that this is to be interpreted as the transition of the C = 0 group. McMurry (1941) , for instance, has calculated the dipole streng th of the N -> B transition to be greater than the observed intensity of the 2900 A region by a factor of 35-75 by the atomic orbital approximation and of at least 75 by the molecular orbital approximation. By elimination, therefore, the 2900 A region corresponds to the forbidden N -> A transition. The position and intensity of the 1800 A region in acetaldehyde enable it to be identified with some certainty as the allowed N -+B transition. It cannot be identified with the N-> V transition since the latter is expected theoreticall have a greater intensity than the observed intensity of the 1800 A region, and ( 6) On the other hand, the general position, the intensity and the doublet character of the 1650 A band all suggest th a t it is the first (n -2) member of the Rydberg series (1). True, this band is considerably off the series, but large disturbances are expected for the lower members of Rydberg series in polyatomic molecules. The doublet at 1600 A is not likely to be the first member of series (1), partly because of its intensity and especially because its doublet separation is less than the separation of the components of the next member of the series: in any case, it is as far from the calculated value as is the 1650 A doublet.
The fact seems to be th at the state V may be classified equally well as a Rydberg state or as an intra-valence-shell transition (cf. Mulliken & Rieke 1941) . Tliis applies to ethylene and the alkyl ethylenes (Price & Tutte 1940) , to the chloro-ethylenes (Walsh 1945) , to butadiene and its derivatives (Price & Walsh 1940) and to the 1650 A band of acetaldehyde. In a similar way, the only band in acetaldehyde of the right intensity and approximate position to be identified as the first member of series (3) is the first band of the 1800 A system, which has already been identified as the N -> B transition. I t appears possible to classify the upper state B either as a perturbed Rydberg state or as an intra-valence shell state.
The separation ~ 1200 c m . 1 found in the 1820-1650 A region may represent the C = 0 valence vibration reduced by the excitation from its value of 1715 c m r 1 in the ground state (Hibben 1939). I t is to be compared with the value 1053 cm.-1 found in the near ultra-violet (Eastwood & Snow 1935) . On the other hand, a recent paper by Lawson & Duncan (1944) gives strong evidence th a t the frequency is to be ♦ ascribed to hydrogen-bending in the methyl group and not to the C = 0 valence vibration. In th a t case it is analogous to the 1200 cm.-1 frequency difference found in the long wave-length bands of methyl iodide (Price 1936) . There, although the excitation is th a t of an electron initially localized on the iodine atom, the excited orbital lies partly within the alkyl group and the transition arouses CH3 vibrations. Similarly, though in acetaldehyde the 1800 A absorption is due to excitation of a non-bonding electron originally localized on the oxygen atom (see later), it is conceivable th at the transition may result in CH3 deformation vibrations. The m atter, however, is puzzling, for the 1200 cm.-1 frequency seems to occur in the corresponding excited state of acrolein (Walsh 1945) , where no alkyl groups are present. Possibly the 1200 cm.-1 frequency in the 1800 A region of acetaldehyde (and in the analogous regions of other molecules, except perhaps acrolein) is due to C-H bending, but in the other excited states is due to the C = 0 valence vibration. This fits with the fact th a t formaldehyde (Price 19356) shows no vibrational struc ture in the region analogous to the acetaldehyde 1800 A absorption, but shows the 1200 cm.-1 frequency elsewhere in its spectrum. The C = 0 valence vibration cer tainly occurs strongly in the excited states of formic acid (Price & Evans 1937), but there its value is between 1400 and 1500 cm.-1.
The assignment of the 1820-1650 A region as due to a transition within the C = 0 group possibly supports the identification of the most prominent vibrational fre quency aroused, th at of ~ 1200 cm.-1, as the C = 0 valence vibration rather than a vibration of the CH3 group. The ( zt) excited orbital woul large to invade the CH3 group: the latter is not so close to the oxygen atom as is the CH3 group in methyl iodide to the iodine atom. However, it is to be pointed out th at since the states B and V are at higher energy levels than state A, they should be more antibonding: i.e. the C = 0 valence vibration should be lower in the B and V states than in A. If we take the 1200 cm.-1 frequency in B as that of the C = 0 valence vibration, then we have 1053 cm.-1, ~ 1200 cm.-1 and ~ 1200 cm.-1 for the corresponding frequencies in states A , B and V respectively. The very great reduction of these frequencies relative to the C = 0 frequency in the ground state (1715 cm.-1) shows the antibonding nature of the upper states, but the frequency is greater in the higher energy states. On the other hand, Price & Walsh (1940) found th at the C = C valence vibrations in butadiene also did not decrease but increased on transition to the (expected) more antibonding upper states.
The 1800 and 1650 A bands are the only'two bands in the whole spectrum to possess prominent vibrational structure. The only strong bands left unassigned are those of the 1600 A doublet. These will be referred to again in an account to be given of the acrolein spectrum.
The experimental work described here was carried out in 1939-40, war-time conditions making earlier publication difficult. The author desires to acknowledge gratefully his debt to Dr W. C. Price for constant encouragement and help.
